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ZLWKRXW KDYLQJ LQIRUPDWLRQ RI SRZHU FRQVXPHG E\ WKHP FRPSDUH WR XVXDOO\ FRQVXPHG SRZHU LQ XQGHU ORDGHG
GDWDFHQWHU &XUUHQW ORDG EDODQFLQJ DOJRULWKPV IRFXV RQ ORDG EDODQFH ZKHQ UHTXHVW ORDG LQFUHDVHV EXW QRW DV
FRQVXPHGSRZHULQFUHDVHV+LJKORDGHGGDWDFHQWHUVFRQVXPHPRUHSRZHUWRFRPSXWHUHTXHVWVDQGPD\EHGXH
WRKLJKORDGWKHVHVGDWDFHQWHUVORZGRZQZKLFKLVQRWJRRGIRUXVHUDVZHOOFORXGSURYLGHU6RPHGDWDFHQWHUV
KDYLQJOHVVORDGFRPSDUHWRKLJKO\ORDGHGGDWDFHQWHUDQGWKH\DUHXQGHUPD[LPXPORDGEXWKLJKORDGHGGDWDFHQWHU
FRPSXWLQJWKHPZLWKKLJKHQHUJ\FRQVXPSWLRQ6RPHUHTXHVWDUHQHHGWREHFRPSXWHGZLWKLQLW¶VWLPHOLQHEXW
GXHWRKLJKORDGWKH\PD\PLVVWKHLUGHDGOLQHZKLFKLVQRWDSSURSULDWHWRXVHUDQGZLOOEHDFULWLFDOLVVXH5HTXHVW
ZKLFKDUHKDYLQJ OHVVFRPSOHWLRQ WLPH OLQHFDQEHFRPSXWHRQ OHDVWRUSRZHUFRQVXPLQJGDWDFHQWHUV$VSHU
UHFHQWVWXG\XWLOL]DWLRQRIGDWDFHQWHUVLVPDMRUSUREOHPEHFDXVHGDWDFHQWHUVDUHLGOHDQGPRVWRIGDWD
FHQWHUVDUHIXOO\XWLOL]HDQGZDVWHVRISRZHUUHVSHFWLYHO\7KLVVKRZSRRUXWLOL]DWLRQRIUHVRXUFHVDQGXQEDODQFHG
ORDGGLVWULEXWLRQDVZHOOSRZHUEXWWKLVVKRZVLPSRUWDQFHRIQHZDSSURDFKWKDWKDYHVXIILFLHQWVWUDWHJ\WRPLQLPL]H
ZDVWHVRISRZHUDVPXFKDV5HTXHVW W\SHPDNHELJGLIIHUHQFHRIVHUYLFHV LIUHTXHVWVDUHSULYDWH WKHQVHUYLFH
SURYLGHUKDVWRWDNHLWDVKLJKSULRULW\DQGORZSULRULW\WRSXEOLF
7KLVSDSHUIRFXVRQWKH90DOORFDWLRQDQGORDGVKDUHDOJRULWKPWKDWHPSKDVLVKDUGZDUHFDSDELOLW\DQGIXQFWLRQDOLW\
RI K\EULG FORXG FRPSXWDWLRQ 3URSRVHG DOJRULWKP OHDG FRPSXWDWLRQ LQ HIILFLHQW HQHUJ\ FRQVXPSWLRQ LQ QHZ
GLUHFWLRQVDQGLPSURYHGXWLOL]DWLRQRIDOOUHVRXUFHVDVZHOOORDGEDODQFHDPRQJGDWDFHQWHUVDFFRUGLQJO\7KHUHDUH
PDQ\ IDFWRUV RI FORXG FRPSXWLQJ ZKLFK DUH XQWRXFKHG DQG FDQ JLYH EHVW UHVXOWV DQG RSWLPL]H WKH FRPSXWDWLRQ
VFKHPDORDGEDODQFLQJ SRZHUFRQVXPSWLRQDUHRIWKHP3RZHURUHQHUJ\FRQVXPHGE\DGDWDFHQWHUGHSHQGVRQ
FRQILJXUDWLRQRIVHUYHUKDUGZDUHKLJKFRQILJXUDWLRQRIKDUGZDUHZLOOGHILDQWO\FRQVXPHPXFKSRZHUDVFRPSDUHG
WROHVVFRQILJXUHG6LPLODUO\RYHUORDGHGGDWDFHQWHUDOVRFRQVXPHPRUHWKDQOHVVORDGHGGDWDFHQWHU'DWDFHQWHUV
DUHSURFHVVLQJWKHUHTXHVWVZKLFKDUHVFKHGXOHGE\VFKHGXOHUXVLQJDVFKHGXOLQJDOJRULWKPDQGDW WKHHQGRIGDWD
FHQWHUWKHUHLVRQHPRUHDOJRULWKPDSSOLHGWREDODQFHWKHORDGRYHUGDWDFHQWHUDQGRSWLPLVWLFDOO\LQFUHDVHWKHGDWD
FHQWHUSHUIRUPDQFHEXWWKHUHVKRXOGEHSROLF\WRPDNHSULRULW\IDFWRUWRFKHFNZKHWKHUUHTXHVWLVSXEOLFRUSULYDWH
DVZHOOORDGDPRQJWKHGDWDFHQWHUV7KHUHLVDOZD\VDIL[HGFDSDFLW\RIGDWDFHQWHUWRVHUYHUHTXHVWEH\RQGWKDWGDWD
FHQWHUQHHGH[WUD UHVRXUFH WRGRH[WUD FRPSXWDWLRQZLWK WKH VDPHKDUGZDUH FRQILJXUDWLRQ KHUH LV FKDQFHRI WDVN
IDLOXUHRUVRPHLQWHUUXSWLRQGXULQJWKHSURFHVVGXHWROLPLWHGUHVRXUFH,IWDVNLVSULYDWHLWKDVWREHGRQHZLWKRXW
DQ\SUREOHPDQGSXEOLFUHTXHVWPD\VHUYHUODWHURUZDLWIRUDZKLOH7KLVSDSHUSURSRVHGDQDSSURDFKWRDYRLGVXFK
VLWXDWLRQZLWKPLQLPXPORDGDQGFRVWHIILFLHQWPDQQHUDVZHOOFRQWLQXH WDVNFRPSXWLQJZLWKRXWDQ\ LQWHUUXSWLRQ
'DWDFHQWHUDSSOLHVDQDOJRULWKPWRDOORFDWHUHVRXUFHWRFRPSOHWHUHTXHVWZLWKVRPHFRQILJXUDWLRQZKLFKPDNHVLW
FRPSXWDEOH DV VRRQ DV SRVVLEOH WR VHUYH UHTXHVW DQG UHVSRQVH WKHP EXW VRPH WLPH GXH WRPRUH WKDQ LWV UHTXHVW
VHUYHU FDSDELOLW\ RU GXH WR RYHU ORDG  UHTXHVWV FRPHV DQG TXHXHG DQG GDWD FHQWHU FRPSXWH WKH WDVN ZLWK LWV
PD[LPXPVHUYHFDSDELOLW\DQGILQLVKWKHFRPSXWDWLRQDQGLIGDWDFHQWHULVXQGHUORDGWKHQLVZLOOEHILQHDQGLIRYHU
ORDGHGWKHQLW¶VLQFUHDVHWKHSRZHUFRQVXPSWLRQDQGWKHUHDUHFKDQFHVRIV\VWHPIDLOXUHZKLFKLVQRWDSSURSULDWHDQG
FDXVH ORVV RI PRQH\ 7KLV VFHQDULR PD\ EH FRPLQJ LQWR H[LVWHQFH DQG GHFUHDVH WKH SURGXFWLYLW\ DQG GRZQ WKH
V\VWHPSHUIRUPDQFH7KHUHDUHPDQ\DOJRULWKPV WRILQG OHDVW ORDGHGVHUYHUZKLFKFDQSURYLGHVHUYLFHHIILFLHQWO\
DQGHFRQRPLFDOO\
3ULYDWHDQGSXEOLFFORXGFRPSXWDWLRQDUHEDVLVRIGDWDZKLFKLVJRLQJWRFRPSXWHSXEOLFWDVNFDQZDLWDQGFDQZDLW
IRUVRPHWLPHDQGFRPSXWHODWHUEXWWKHVDPHWKLQJFDQQRWEHDSSOLHGWRSULYDWHVRPHKRZLWKDVWREHGRQH,ID
SULYDWH WDVNKDV WREHFRPSOHWHZLWKLQWKHWLPHOLQH WKHQVFKHGXOHUKDV WREHPDNHVXUHLWZLOOEHILQLVKHGZLWKLQ
WLPHOLQHLIORVWLWVWLPHOLQHWKHQLW¶VJRLQJWREHDELJSUREOHPWRVHUYHUSURYLGHUDQGFXVWRPHU7KLVSDSHUSURSRVH
DQGG\QDPLFZD\WRPLQLPL]HWKHORDGDQGFRPSXWDWLRQDQGPD[LPL]HXWLOL]DWLRQRIUHVRXUFHE\DOORFDWLRQUHVRXUFH
WRUHTXHVWE\JHWWLQJHQHUJ\HIILFLHQF\DQGORDGGLVWULEXWLRQDPRQJGDWDFHQWHUVZKLFKPDNHLWPRUHHIILFLHQWDQG
UHOLDEOH FRPSXWDWLRQ RYHU FORXG HQYLURQPHQW 3RZHU FRQVXPSWLRQ EDVHG ORDG EDODQFLQJ OHDG WR HIILFLHQW
FRPSXWDWLRQDQGLQFUHDVHFRPSXWDWLRQRIGDWDFHQWHUHFRQRPLFDO
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VFKHGXOH WR VHUYH DFFRUGLQJO\ ,Q WKLV SDSHU WKH\ SURSRVHG ORDG EDODQFH0LQPLQ DOJRULWKPZKLFK KDYLQJ EDVLF
SURSHUWLHV RI0LQPLQ DOJRULWKP DQG FRQVLGHUPLQLPL]LQJ FRPSOHWLRQRI DOO UHTXHVW ,Q WKLV SURSRVHG WKUHH OHYHO
VHUYLFHPRGHOXVHG

5HTXHVWPDQDJHU7RWDNHUHTXHVWDQGIRUZDUGWR6HUYLFHPDQDJHUV
6HUYLFHPDQDJHUYDULRXVPDQJHUZRUNVRUWDVNDQGGLVSDWFKWKHPWRUHVSHFWLYHVHUYLFHQRGH
6HUYLFH1RGH6HUYLFHQRGHSURYLGHVHUYLFHWRUHTXHVWZKLFKFDPHWRUHTXHVWPRGH?

7KH\ KDYH PHUJHG WZR DSSURDFKHV 2/% 2SSRUWXQLVWLF ORDG EDODQFLQJ DQG ORDG EDODQFH PLQPLQ VFKHGXOLQJ
DOJRULWKPV LQ WKLVPRGHO7KHPDLQ IRFXV RI FRPELQHG DSSURDFKHV LV WR GLVWULEXWH WKH UHTXHVW RU GLVSDWFKHG WDVN
EDVLVRIWKHLUFRPSOHWLRQWLPHWRVXLWDEOHVHUYLFHQRGHYLDDQDJHQW7KLVDSSURDFKQRWVD\LQJDERXWPDLQV\VWHP
VXSSRVH LIUHTXHVWDUHVRPHKRZPRYLQJRUVFKHGXOHG LQ WKHVDPHVHUYHUDQGGXH WR ORWVRI ORDGVHYHUQHHGPRUH
SRZHUWRFRPSOHWHWKHVHUHTXHVWDQGPRUHSK\VLFDOKHDWZLOOJHQHUDWHDQGWRVWRSKHDWLQJV\VWHPQHHGDQH[WHUQDO
FRROLQJV\VWHPZKLFKDOVROHDGWRH[WUDSRZHUVRXUFHDQGRQHPRUHLPSRUWDQW WKLQJLVGXHWRRYHUKHDWLQJV\VWHP
SHUIRUPDQFHVORZGRZQ7KHVDPHZD\6KXFKLQJHWDOSURSRVHGDQGDQRWKHUDOJRULWKPIRU WDVNVFKHGXOLQJ WKLV
SDSHUSURSRVHG90UHVRXUFHDOORFDWLRQEDVLVRQJHQHWLFDOJRULWKPWRDYRLGG\QDPLF90PLJUDWLRQWRFRPSOHWLRQRI
UHTXHVW7KH\KDYHSURSRVHGDVWUDWHJ\WRVKDUHRUDOORZUHVRXUFHHTXDOO\WR90VRLWFDQZRUNIDVWDQGPLQLPL]H
UHVSRQVHWLPHWRVXEVFULEH7KH\DOVRSURSRVHGKRWVSRWPHPRU\YLUWXDOPHPRU\DVVLJQPHQWDQGGLVSRVHWKDWDIWHU
FRPSOHWLRQ RI UHTXHVW YLD UHPDSSLQJ RI 90 PLJUDWLRQ +HUH 90ZDUH GLVWULEXWLRQ WRRO LV XVHG WR VFKHGXOH
FRPSXWDWLRQZRUNLQDYLUWXDOHQYLURQPHQW$VJHQHWLFDOJRULWKPFKDUDFWHULVWLFVLVWRILQGEHVWILWWHVW90LQWHUPV
RI&ORXGFRPSXWDWLRQ7KLVSDSHUFKHFNVILWQHVVRIHDFK90DQGVFKHGXOHWDVNDFFRUGLQJO\:KHQFUHDWLQJD90D
SURFHVV H[HFXWH WR FUHDWH WKDW DQG LQFUHDVH SURFHVV ZRUN WKDW DOVR OHDG WR PRUH SURFHVV DQG LQFUHDVH HQHUJ\
FRQVXPSWLRQ +X -LQKXD HW DO 3URSRVHG DQRWKHU VFKHGXOLQJ DOJRULWKP WKLV SDSHU SURSRVHG DQ DSSURDFK IRU
FROOHFWLYHFROODERUDWLYHFRPSXWLQJRQWUXVWPRGHO7KHWUXVWYDOXHWDNLQJDVDIDFWRUIRUWDVNVFKHGXOLQJWUXVWYDOXH
PXWXDOO\WRRNIURPFRQVXPHUVDVZHOOVHUYLFHSURYLGHUZKLFKPDNHLWIDLOIUHHH[HFXWLRQHQYLURQPHQW+HUHWKH\
KDYHSURSRVHGDPDWKHPDWLFDOHTXDWLRQWRFDOFXODWHWKH5HSXWDWLRQSRLQWVZKLFKHQKDQFHWKHUHSXWDWLRQRI90LQ
WHUPVRIIDVWH[HFXWLRQDQGW\SHRIWDVN,IWKHUHSXWDWLRQRI90LVKLJKWKHPPRUHWDVNDOORFDWLRQZLOOEHKDSSHQLQJ
WRWKDW907RFDOFXODWH5HSXWDWLRQPDQ\IDFWRUVKDYHWRFRQVLGHUZKLFKDOVRUHIOHFW4R6RIFORXGFRPSXWLQJ7KLV
SDSHU DOVRSURSRVHG DZD\ WR VHUYH UHTXHVW UHOLDELOLW\ DVZHOO WUXVWPDQDJHPHQWZLWK D UHSXWDWLRQRI90 IDFWRU
ZKLFKDUHOHDGWRWUXVWZRUWK\7UXVWKDVFDOFXODWHGE\DPDWKHPDWLFDOHTXDWLRQDQGVFKHGXOHDFFRUGLQJO\+X-LQKXD
HWDOSURSRVHGD OLYH90PLJUDWLRQDOJRULWKPWKLVSDSHUSURSRVHGDPHWKRGIRU90OLYHPLJUDWLRQZLWKYDULRXV
UHVRXUFHUHVHUYDWLRQV\VWHP90PLJUDWLRQLVWDNLQJSODFHRQWKHEDVLVRIVRXUFHPDFKLQHORDGLIWKHORDGLVKLJK
WKHQLWFDQZHDUGXULQJH[HFXWLRQRIWKHUHTXHVWLWPLJUDWHVWKH90WRDQRWKHUVHUYHURUGDWDFHQWHUVWRFRPSOHWHWKH
WDVNZLWKRXW LQWHUUXSWLRQ IRU EHWWHU SHUIRUPDQFH5HVRXUFH UHVHUYDWLRQ GRQH ERWK VLGHV LH 6RXUFHPDFKLQH DQG
WDUJHWPDFKLQHDVZHOOZLOOLQVXFKPDQQHU&$3PD[LPXPDYDLODELOLW\RI&38DOORFDWHWKHPDQGDGMXVWPHPRU\
UHVRXUFHG\QDPLFDOO\$WWKHHQGRIWDUJHWPDFKLQHWKH\SURSHUWLHVWLPHERXQGSURJUDPZKLFKZLOONHHSPRQLWRULQJ
IRUFXSUHVRXUFHXWLOL]DWLRQ0HPRU\5HVHUYDWLRQGRQHE\DOORFDWLQJFUDWLQJFHUWDLQQXPEHURI90DQGZKHQWKH
PLJUDWLRQSURFHVVFRPHVLQWRH[LVWHQFHWKHVH90JRWVKXWGRZQWRHYDFXDWHWKHVSDFHWRPLJUDWH906RPHWLPHLW
PD\EHSRVVLEOH WKDW WDUJHWPDFKLQHQRWKDYLQJHQRXJKVSDFH WRPLJUDWH LQ VXFKFRQGLWLRQ WKDWSK\VLFDOPDFKLQH
VKRXOGUHPRYHIURPFDQGLGDWHPDFKLQHIRUPLJUDWLRQDQGZKLFKSK\VLFDOPDFKLQHKDYLQJWKHFDSDELOLW\RUHQRXJK
VSDFHZLOOOHDGWRPLJUDWH907KLVSDSHULPSOHPHQWHGDQGVLPXODWHGXVLQJ;HQ9LUWXDOL]DWLRQ

%DUURVRHWDO7KLVSDSHUSURSRVHGDQDOJRULWKPG\QDPLFDQGLQWHJUDWHGUHVRXUFHVFKHGXOLQJDOJRULWKPIRU&ORXG
GDWDFHQWHUZKLFKEDODQFHORDGEHWZHHQVHUYHUVLQRYHUDOOUXQWLPHRIUHTXHVWKHUHWKH\DUHPLJUDWLQJDQDSSOLFDWLRQ
353 Ravi Shankar Jha and Punit Gupta /  Procedia Computer Science  78 ( 2016 )  350 – 357 
IURPRQHGDWDFHQWHU WRDQRWKHUZLWKRXW LQWHUUXSWLRQ+HUHWKH\DUH LQWURGXFLQJVRPHPHDVXUHPHQW WRHQVXUHORDG
EDODQFLQJ7KH\KDYHJLYHQDPDWKHPDWLFDOUHSXWDWLRQWRFDOFXODWHLPEDODQFHORDGWRFDOFXODWHDYHUDJHXWLOL]DWLRQWR
LWVWKUHVKROGYDOXHWREDODQFHORDG7RLPSOHPHQW'$,56WKH\KDYHXVHGSK\VLFDOVHUYHUZLWKSK\VLFDOFOXVWHUDQG
9LUWXDOVHUYHUVZLWKYLUWXDOFOXVWHU$SSOLFDWLRQPLJUDWLRQVDYHVWLPHLQVWHDGRIPLJUDWLQJZKROH90GDWD%DUURVR
HWDOSURSRVHGDPRVWNQRZQEDVHVFKHGXOLQJDOJRULWKP$&2DQWFRORQ\RSWLPL]DWLRQWKH\SURSRVHGDQWFRORQ\
RSWLPL]DWLRQ DOJRULWKP WR ORDG EDODQFH E\ GLVWULEXWLQJ UHTXHVW LQ D FORXG FRPSXWLQJ HQYLURQPHQW 7KLV SDSHU
SURSRVHG/%$&2ZLWKG\QDPLFORDGEDODQFLQJVWUDWHJ\WRGLVWULEXWHORDGDPRQJWKHQRGH
7KHSUREOHPZLWKWUDGLWLRQDO$&2LQFORXGLVWKDWLW
VDVFKHGXOHWDVNWRPRVWIUHTXHQWKLJKSKHURPRQHLQWHQVLW\
QRGHLIZKDWLIQRGHLVEHDULQJKHDY\ORDGLQVXFKVLWXDWLRQPD\FUHDWHDSUREOHPRIRYHUKHDG7KLVSDSHUSURSRVHG
DQG/%$&2DOJRULWKPWRUHGXFHVXFKSUREOHP,QWKLVDOJRULWKPGHFUHDVHWKHWLPHRIFRPSXWDWLRQDQGPRQLWRUORDG
RQ HDFK 90ZLWK WUDFNLQJ SUHYLRXV VFKHGXOLQJ ;LDRER HW DO SURSRVHG DQG 5HDOWLPH 90 SURYLVLRQLQJ PRGHO
ZKLFK LV EDVHG RQ HQHUJ\ PRGHOV ZKLFK IROORZ D 0LQ3ULFH 5790 3URYLVLRQLQJ WR DOORFDWH 90 %KX\D
%HORJOD]RYHWDOSURSRVHGG\QDPLFUHVRXUFHSURYLVLRQLQJZLWKDUFKLWHFWXUDOSULQFLSOHIRUHQHUJ\PDQDJHPHQWDQG
UHVRXUFHDOORFDWLRQSROLFLHV DQGVFKHGXOLQJDOJRULWKP WRPDLQWDLQ4R6TXDOLW\RI VHUYLFH IRUG\QDPLFZRUN ORDG
VFHQDULR$ERYHSURSRVHGDOJRULWKPVDUHHLWKHUJHQHUDO VFKHGXOLQJDOJRULWKPVRUSURSRVLQJD VWUDWHJ\ WR LPSURYH
UHVRXUFH XWLOL]DWLRQ EDVHG RQ SRZHU EXWZKDW LIZH WDON DERXW K\EULG FORXG WKHQZH KDYH WRPDNH VXUH SULYDWH
UHTXHVWVPXVWEHILQLVKHGZLWKLQWLPHOLQHDQGUHTXHVWVWRVHUYHUILUVWRUVDPHWLPHEXWLQZKLFKPDQQHU,QEHORZ
VHFWLRQZH KDYH SURSRVHG DQ DOJRULWKPZKLFKZLOO GHDO ZLWK VXFK SUREOHPZKHUH ERWK NLQG UHTXHVWV KDV WR EH
FRPSOHWHZLWKLQOHVVSRZHUDQGZLWKKLJKHUSRZHUHIILFLHQF\
3URSRVHG0RGHO
,QDERYHVHFWLRQH[LVWLQJSURSRVHGDOJRULWKPVDUHHLWKHUWDONDERXWWDVNVFKHGXOLQJRUUHVRXUFHXWLOL]DWLRQDQGVRPH
RI WKHP WDON DERXW WDVN RU90PLJUDWLQJ WR IXOILO UHTXHVWV EXW SRZHU SOD\ D YLWDO UROH DQG FDQ¶W EH LJQRUH7KH
SUREOHPZLWK WKHVH DOJRULWKPV LV WKDW WKHVH DOJRULWKPV DUH SURSRVLQJ VLPSOH WDVN VFKHGXOLQJ EDVHG RQ SRZHU RU
UHVRXUFH XWLOL]DWLRQ WR FRPSOHWH WKH WDVNZLWKRXW DQ\ SUREOHP DQGPDLQWDLQ VHUYLFH TXDOLW\ RI GDWD FHQWHU /RDG
EDODQFLQJDOVRSODFHDQLPSDFWRQSRZHUORDGLVKLJKRURYHUORDGHGGDWDFHQWHUZLOOFRQVXPHPRUHSRZHUZLWKOHVV
SURGXFWLYLW\7KLVSDSHUSURSRVHGDQDOJRULWKPWKDWXVHOLQHDUSRZHUPRGHOWRJHWSRZHUHIILFLHQF\RIGDWDFHQWHU
EDVHG RQ SRZHU HIILFLHQF\ ZH KDYH SURSRVHG D 90 DOORFDWLRQ SROLF\ ZLWK ORDG GLVWULEXWLRQ WR PD[LPL]H WKH
XWLOL]DWLRQRIUHVRXUFHVDYDLODEOH LQGDWDFHQWHUDQGPLQLPL]HWKHSRZHUFRQVXPSWLRQRI WKHV\VWHP$FFRUGLQJWR
DOJRULWKPFROOHFWWKHLQIRUPDWLRQRIHDFKGDWDFHQWHUWKHQVRUWWKHPEDVHGRQSRZHUHIILFLHQF\LQVXFKPDQQHUWR
GLVWULEXWH ORDG VXFK WKDW SULYDWH UHTXHVWV WR KLJK SRZHU HIILFLHQF\ GDWDFHQWHU DQG SXEOLF UHTXHVWV WR ORZ SRZHU
HIILFLHQF\ ,I WKHUH LV VXFKSULYDWHGDWDFHQWHUZKLFKKDYLQJKLJK HIILFLHQF\ DQGXQGHUXWLOL]HG DOVRKDYLQJ HQRXJK
FDSDELOLW\ WR IXOILOO UHTXHVW UHTXLUHPHQW DQG WKHQ DOORZ GDWDFHQWHU WR WKDW UHTXHVWV ,I UHTXHVWV DUH XQDEOH WR JHW
HQRXJK SODFHV LQ SULYDWH GDWDFHQWHU WKHQ DOORFDWH UHTXHVW WR SXEOLF GDWD FHQWHU KDYLQJ KLJK SRZHU HIILFLHQF\ WR
FRPSOHWHUHTXHVWV

/HWWDNH3(LSRZHUHIILFLHQF\DQG8L8WLOL]DWLRQRIGDWD&HQWHUVLHL ««LL«QIRUERWKSULYDWHLH
IURP WR L WKHVHGDWDFHQWHUVDUHIRUSULYDWHUHTXHVWDQGIURPL WRQDUH IRUSXEOLF UHTXHVWV%\$SSO\LQJ OLQHU
SRZHUXWLOL]DWLRQRI3(LFDQEHFDOFXODWHG

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
:KHUH3PD[	3PLQ PD[LPXPDQGPLQLPXPSRZHUFRQVXPHGE\3'LUHVSHFWLYHO\
8L 8WLOL]DWLRQRI'DWD&HQWHUFDQEHFDOFXODWHGE\
8L 7RWDOB0,36$OORFDWHGB0,367RWDOB03,6  
/L /RDGRYHU'DWD&HQWHU
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    /L $OORFDWHG0,367RWDO0,36    
)L )LWQHVVRI'DWD&HQWHU
    )L 3(L/L       
$VLQDERYHIRUPXODRI8LLVFDOFXODWHGE\JHWWLQJWRWDOXWLOL]HGWRWDO0,36DOORFDWHGWR90ZKLFKDOORFDWHGWRGDWD
FHQWHU3'L2QFH FDOFXODWHXWLOL]DWLRQRIGDWD FHQWHUV WKHQFDOFXODWLQJSRZHU FRQVXPHGE\ WKHVHGDWD FHQWHUV DQG
XVLQJOLQHDUSRZHUHIILFLHQF\IRUPXODDVDERYH7KLVSDSHUSURSRVHGDQDOJRULWKPIRUK\EULGHFORXGHQYLURQPHQWRU
LQRWKHUZRUGVWRVHUYHERWKW\SHRIUHTXHVWLHSULYDWHDQGSXEOLF7RJHWSRZHUHIILFLHQF\RIGDWDFHQWHUVDVZHOO
WRDOORFDWLRQUHVRXUFHVIRUUHTXHVWV LVGRQHZLWKEHORZVWHSV ,QILUVWVWHSZHSDVV WZRSDUDPHWHUVDVDUJXPHQW WR
DOJRULWKPIRULQLWLDOL]DWLRQGDWDFHQWHUVOLVWDQGUHTXHVWVTXHXHOHJWK+HUHILUVWFKHFNUHTXHVWTXHXHOHQJWKLIWKHUH
LVTXHXHOHQJWKLVHPSW\WKHQH[LWDQGLIQRWHPSW\WKHPJRIRUVWHSWZR,QVWHSWZRJHWWKHHDFKGDWDFHQWHUSRZHU
HIILFLHQF\ RI ERWK SXEOLF DQG SULYDWH FORXG GDWD FHQWHUV DQG VRUW WKHP1RZ FKHFNZKHWKHU UHTXHVW LV SXEOLF RU
SULYDWH,IUHTXHVWLVSULYDWHWKHQLVKDVWREHGRQHRUVHUYHZLWKKLJKSULRULW\+HUHWKHGDWDFHQWHUVDUHGHYLGHGLQWR
WZROLVWVSXOLFGDWDFHQWHUVZLWKILWQHVVYDOXHJUHDWHUWKHQWKUHDVKROGDQGSULYDWHGDWDFHQWHUVZLWKILWQHVVYDOXHOHVV
WKHQWKUHDVKROG90DOORFDWLRQDSSO\DFFRUGLQJWRW\SHRIUHTXHVWDVLQVWHSWKUHH

,QVWHSWKUHHLIUHTXHVWLVSULYDWHWKHQDOORFDWHLWWRKLJKSRZHUHIILFLHQWSULYDWHGDWDFHQWHUZKLFKIXOOILOWKHUHTXHVW
UHTXLUPHQWDQGXQGHUORDGHG,WPD\EHKDSSHQDOOKLJKHIILFLHQF\SULYDWHGDWDFHQWHUVDUHFXUUHQWO\QRWDYDLODEOHWR
VHUYHUHTXHVWRUEXV\ZLWKRWKHUUHTXHVWV,QVXFKFDVHFKHFNLQSXEOLFFORXGGDWDFHQWHUZKLFKKDYLQJKLJKSRZHU
HIILFLHQF\DQG  XQGHU ORDG LI VXFK GDWD FHQWHU IRXQGZKR IXOO ILO UHTXHVW WKHQ DOORFDW SULYDWH UHTXHVW WR WKDW GDWD
FHQWHU%\GRLQJ VXFK90DOORFDWLRQZH VHUYHSULYDWH UHTXHVW XVLQJ OHVVSRZHUZLWK  EDODQFHG ORDG DPRQJGDWD
FHQWHU ,I UHTXHVW LV SXEOLF WKHQ DOORFDWH LW WRKLJKSRZHU HIILFLHQWSXEOLFGDWD FHQWHU LQZKLFK IXOOILO  WKH UHTXHVW
UHTXLUPHQW ,WPD\EHKDSSHQDOO SXEOLFGDWD FHQWHUV DUHQRW DYDLODEOHRUEXV\ZLWKRWKHU  UHTXHVWV ,Q VXFK FDVH
FKHFN LQ SULYDWH FORXG GDWD FHQWHUZKLFK KDYLQJPLQLPXPSRZHU HIILFLHQF\ DQG OHVV ORDGHG LI VXFK GDWD FHQWHU
IRXQG ZKR IXOOILO WKH UHTXHVW UHTXLUPHQW WKHQ DOORFDWH SXEOLF UHTXHVW WR  WKDW GDWD FHQWHU %\ GRLQJ VXFK 90
DOORFDWLRQZHVHUYHSXEOLFUHTXHVWXVLQJOHVVSRZHUDQGKLJKHIILFLHQF\6WHSIRXULVPDMRUVWHSDIWHUDOORFDWLRQRI
UHVRXUFHVWRERWKSXEOLFDQGSULYDWHUHTXHVW2QFHUHTXHVWVSURFHHGHGE\VWHSWKUHHWKHQXSGDWHWKHLUGDWDFHQWHUVOLVW
DFFRUGLQJ WR WKHLUSRZHUHIILFLHQF\DQGDSSO\DOJRULWKP IURPVWHS ILUVW$IWHUDOORFDWLRQRI90DJDLQXSGDWHGDWD
FHQWHUV OLVW DQG VWDUW LWZLWK VWHS ILUVW XQWLO UHTXHVW TXHXH LV HPSW\$ERYH JLYH IRUPXODWLRQV DUH XVH WR FDOFXODWH
SRZHUHIILFLHQF\RIHDFKGDWDFHQWHURQWKHLUXWLOL]DWLRQ7RJHWSRZHUHIILFLHQF\RIHDFKGDWDFHQWHUILUVWFDOFXODWLQJ
XWLOL]DWLRQRI3'LWKHQXVLQJ3RZHU/LQHUPRGHOWRFDOFXODWHSRZHUHIILFLHQF\RIWKDWGDWDFHQWHU$IWHUFDOFXODWLQJ
SRZHUHIILFLHQF\RI3(LVRUWWKHVHGDWDFHQWHUVHIILFLHQF\DQGWKHGLVWULEXWHUHTXHVWDPRQJWKHVHGDWDFHQWHULQWKDW
PDQQHUVROHDVWORDGHGRUKDYLQJKLJKSRZHUHIILFLHQF\GDWDFHQWHUJLYHEHVWSHUIRUPDQFH$IWHUDOORFDWLRQRI90
DJDLQXSGDWHGDWDFHQWHUV OLVW DQGVWDUW LWZLWK VWHSXQWLO WDVNTXHXH LVHPSW\7KHSURSRVHGDOJRULWKPV3VHXGR LV
EHORZWKLV3VHXGRFRGHVKRZVWKDWUHTXHVWDOORFDWLRQEDVHGRQSRZHUHIILFLHQF\RIGDWDFHQWHUPLQLPL]HSRZHUORVV
DQGLQFUHDVHXWLOL]DWLRQRIUHVRXUFHWKDWLPSOLHVWKURXJKSXWRIGDWDFHQWHULVLQFUHDVLQJIRUERWKSULYDWHDQGSXEOLF
UHTXHVW

3VHXGRFRGHRI3RZHUDQG/RDG$ZDUH90DOORFDWLRQ3ROLF\IRU+\EULGVKRZVWKDWLIUHTXHVWVDUHSULYDWHDOORFDWH
WKHPWRGDWDFHQWHUZKRKDYLQJKLJKSRZHUHIILFLHQF\ZKLFKLVVRUWHGIURPWRLDQGLIUHTXHVWVDUHSXEOLFWKHQ
DOORFDWHWKHPWRSXEOLFFORXGZKLFKDUHDOVRLQVRUWHGRUGHUIURPLWRQLQRWKHUZRUGFDQVD\WKDWGDWDFHQWHUVDUH
FDWHJRUL]HLQWZRIRUPSXEOLFDQGSULYDWH,IWKHUHLVQRVXFKGDWDFHQWHULVIRXQGLQSULYDWHGDWDFHQWHUVWKHQDOORFDWH
WKDW UHTXHVWV WR SXEOLF GDWD FHQWHU ,I VDPH VLWXDWLRQ KDSSHQLQJ ZLWK SXEOLF UHTXHVWV WKHQ VHQG RU DOORFDWH WKDW
UHTXHVWVWRSULYDWHGDWDFHQWHUZKRKDYLQJORZHVWSRZHUHIILFLHQF\,WFDQEHXQGHUVWDQGE\EHORZSVHXGRFRGHRI
$OORFDWLRQBRIB5HVRXFH5HTW\SHPHWKRG6WHSVIRU3URSRVHGDOJRULWKPDUHVKRZQLQILJXUHDQGILJXUH
([SHULPHQWDO5HVXOWV
)RU VLPXODWLRQZH&ORXG6LPSRZHUPRGXOH LVXVHG&ORXG6LPSURYLGHV FORXG VLPXODWLRQ DQGSUHGHILQHG
SRZHUPRGHO VLPXODWLRQ:HKDYH VLPXODWHGSURSRVHGSRZHU DZDUH90DOORFDWLRQ DOJRULWKP LQ FORXGVLPSRZHU
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SDFNDJH 3URSRVHG DOJRULWKP LV EHLQJ WHVWHG RYHU YDULRXV WHVW FDVHVZLWK  VHUYHUV 6 6 6 DQG OLQHDU SRZHU
PRGHO3RZHUPRGHOGLUHFWO\GHSHQGRQXWLOL]DWLRQRIVHUYHUV

7HVWLQJRISURSRVHGDOJRULWKPLVGRQHZLWKEDVLF'9)6'\QDPLFYROWDJHDQGIUHTXHQF\VFDOLQJEDVHGVFKHGXOLQJ
ZKLFKLVDSRZHUPDQDJHPHQWLQVHUYHUV7HVWLQJLVGRQHIRUUHTXHVWV6HUYHUFRQILJXUDWLRQLV
DVIROORZV





)LJ3URSRVHG$OJRULWKPLQLWLDOL]DWLRQ

)LJ3URSRVHG$OJRULWKPUHVRXUFHDOORFDWLRQ

7DEOH

6HUYHU 5$00E 0,36 6WRUDJH*E FRUH 3( +267
6      
6      
6      

7DEOH

 PowerconsumedinKWh
Proposed DVFS
Re
qu
es
ts
 600 50 61
800 100 120
1000 148 179
1200 210 238
1400 253 297

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